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1 
This invention relates fo an optical objective 
for photographic or other purposes, corrected for 
spherical and chromatic aberrations, coma, astig- 
matism and fleld curvature, and consisting of 
four components of which the front two and the 
rear comportent are convergent and the third 
comportent is divergent. It is fo be understood 
that the terres "front" and "rear" are used herein 
in accordance with the usual convention fo indl- 
cate the sldes of the objective respectlvely nearer 
to and further from the longer conjugate. 
The invention has for ifs object fo provide an 
objective of this kind having a very high degree 
of correction for zonal spherical aberration and 
for coma and generally glving improved correc- 
tions for all the abberatlons over a reduced, 
angular fleld, thereby permitting the objective 
to bave greater relative aperture and longer focal 
length than hitherto. 
In the objective according fo the present in- 
vention the three convergent components are all 
simple, whilst the divergent comportent consists 
of a doublet having a collective cemented contact 
surface concave fo the front with radius of curva- 
ture between .3 and .4 rimes the equivalent focal 
length of the objective, the mean refractive index 
of the material of the front element of such com- 
portent exceeding that of the rear element there- 
of by between .04 and .10. 
Preferably the focal lengths of the four com- 
ponents counting from the front respectively lie 
between .75 and 1.5, 1.5 and 2.5, .33 and .5, and .5 
and 1.0 rimes the equivalent focal lenh of the 
objective, whilst the focal length of the group 
conslsting of the front three components, whether 
convergent or divergent, Is greater than rive rimes 
such equivalent focal length. 
The second comportent is preferably of strongly 
meniscus form with ifs surfaces convex to the 
front, the radius of curvature of the rear surface 
thereof being between .4 and 1.0 rimes the equiva- 
ent focal length of the objective. 
The front surface of the compound divergent 
third comportent Is preferably concave fo the 
front with radius of curvature greater than the 
equivalent focal length of the objective. 
The material of whlch the convergent rear 
comportent Is marie preferably bas a mean re- 
fractive index reater than and an Abbé V hum- 
ber less than those of the convergent front two 
components, and the front surface of the rear 
comportent is preferably convex fo the front with 
radius of curvature between .5 and 1.0 tlraes the 
equivalent focal length of the objective and also 

2 
less than that of the rear surface of such com- 
portent. 
The overall length of the objective from the 
front surface of the front comportent fo the rear 
6 surface of the rear comportent preferably lies be- 
tween .5 and .7 tlmes the equivalent focal length 
of the objective, the axial thicknesses of the con- 
vergent flrst and second components being re- 
spectlvely between .05 and .1 and between .1 and 
10 .25 rimes such equlvalent focal length. 
A preferred construction of objective accord- 
ing to the invention is fllustrated in the accom- 
panying drawing, and numerlcal data therefor 
are glven in the accompanylng table, in whlch 
16 R1Rz R2 . . . represent the radil of curvature of 
the individual surfaces counting from the front, 
the positive sign indlcating that the surface is 
convex to the front and the negatlve sign that if 
is concave thereto, Dz D2 ... represent the axial 
20 thicknesses of the various elements of the objec- 
tive, and Sz $2 $3 represent the axial air separa- 
tions between the components. The table also 
gives the mean refractlve indices n D for the 
D-line and the Abbé V numbers of the mate- 
25 rials used for the various elements. 

30 

35 

4O 

45 

Equi'alent focal length 1200. Relative Aperture 
FI2.6 

Thickness 
Radius or Air 
Separation 
R=÷ .62 
]) =. 070 
R2=÷10.000 
S . 002 
R2=÷ .454 
D=. 170 
Re=÷ .6667 
82 =. 0 
=-- 1.818 
Da=. 0 
«=-- .88 
=oe .ao7 
=% .704 
D=. 0 

Refractive 
Index $ 
1.5882 
I. 5882 
1.7181 
1.6)2 
1.6544 

61.4 
61. 4 
48.1 
33. 8 
46. 2 

It will be noticed that in this example the mean 
refractive index of the materlal of the front ele- 
ment of the divergent compound third component 
exceeds that of the rear element.thereof by .0679: 
The overall length of the objective between 
the surfaces R and R9 is .600 times the equivalent 
focal length of the objective. 
The focal length of the front comportent ts 1.13 
tirnes the equivalent focal length of the objective 
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and the corresponding figures for the second, 
third and fourth components are 1.8/, .43 and .63. 
The focal length of the group comprising the 
front three components ls 15.55 rimes the equlva- 
lent focal length of the objective, this group hav- 
ing weak convergent power. 
The insertion of equals (=) signs in the radius 
column of the table, in company with plus 
and minus (--) signs which indicate whether 
the surface is convex or concave to the front, is 
for conformity with the Patent Ofllce custom, and 
it is to be understood that these signs are not to 
be interpreted wholly in their mathematical sig- 
nificance. This sign convention agrees with the 
mathematical sign convention required for the 
computation of some of the aberrations including 
the primary aberrations, but different mathemat- 
ical sign conventions are requlred for other pur- 
poses including computation of some of the sec- 
ondary aberrations, so that a radius indicated for 
example as positive in the tables may bave to be 
treated as negative for some calculations as is 
well understood in the art. 
What I claire .as my invention and desire fo 
secure by Letters Patent 
1. An optical objective corrected for spherical 
and chromatic aberrations, coma, astigmatism 
and fleld curvature and comprising a simple con- 
vergent front comportent, 'a simple convergent 
second comportent, a third comportent which con- 
sists of a divergent doublet having a collective 
mented contact surface concave fo the front with 
radius of curvature between .3 and .4 rimes the 
equivalent focal length of the objective, the mean 
refractive index of the materlal of the front ele- 
ment of the thlrd comportent exceeding that of the 
rear element thereof by between .04 and .10 and a 
simple convergent rear comportent ruade of ma- 
terial having Abbé V number between40 and 55 
and mean refractive index exceeding the arith- 
metic mean of the mean refractive indices of the 
materials of the front two components by at 
least .03, the axial thickness of the front com- 
ponent beingless than % of that of the second 
component whilst the axial thickness of the 
doublet third component is less than/% of that 
of the second component, the axial distance from 
the front surface of the front component to the 
rear surface of the doublet third component lying 
between one-half and three-quarters of the 
equivalent focal length of the objective. 
2. An optical objective as claimed in claire 1, in 
which the front surface of the divergent third 
comportent is concave to the front and bas a 
radius of curvature greater than the equivalent 
focal length of the objective. 
3. An optical objective as claimed in claim 1, in 
which the front surface of the rear component 
is convex to the front with radius of curvature 
between .5 and 1.0 rimes the equivalent focal 
length of the objective and also less than that of 
the rear surface of such component, the material 
of such component having mean refractive index 
greater than and Abbé V number less than those 
of the front two components. 
4. An optical objective as claimed in claim 1, in 
which the overall length of the objective from 
the front surface of the front component to the 
rear surface of the rear component lies between 
.5 and .7 times the equivalent focal length of the 
objective, the axial thicknesses of the first and 
second components being respectively between 
.05 and .1 and between .1 and .25 times such 
equivalent focal length. 
5. An optical objective corrected for spherical 
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and chromattc aberrations, coma, astigmatism 
and fleld curvature and comprising a simple con- 
vergent front comportent, a simple convergent 
second component, a third comportent which con- 
5 sists of a divergent doublet having a collective 
cemented contact surface concave fo the front 
with radius of curvature between .3 and .4 rimes 
the equlvalent focal length of the objective, the 
mean refractive index of the material of the 
10 front element of the third comportent exceeding 
that of the rear element thereof by between .04 
and .10, and  simple convergent rear component 
ruade of material having Abbé V number be- 
tween 40 and 55 and mean refractive index ex- 
15 ceeding the arithmetic mean of the mean re- 
fractive indices of the materials of the front two 
components by at least .03, the axial thiclmess 
of the front comportent being less than 2 of that 
of the second comportent whilst the axial thick- 
£0 ness of the doublet third comportent is less than 
% of that of the second comportent, the focal 
lengths of the four components counting from the 
front respectively lying between .75 and 1.5, 1.5 
and 2.5, .33 and .5 and .5 and 1.0 rimes the equiva- 
£5 lent focal length of the objective, whilst the focal 
length of the group consisting of the front three 
components, is numerically greater than 5 rimes 
such equivalent focal length. 
6. An optical objective as claimed in claire 5, in 
30 which the front surface of the divergent third 
comportent Is concave to the front and bas a 
radius of curvature greater than the equivalent 
focal length of the objective. 
7. An optical objective as claimed in claire 5, in 
35 which the front surface of the rear comportent is 
convex to the front with radius of curvature 
tween .5 and 1.0 rimes the equivalent focal length 
of the objective and also less than that of the 
rear surface of such comportent, the material of 
40 such comportent having mean refractive index 
greater than and Abbé V number less than those 
of the front two components. 
8. An optical objective as claimed in claire 5, in 
which the overall length of the objective from the 
5 front surface of the front comportent to the rear 
surface of the rear c0mponent lies between .5 and 
.7 rimes the equiva!ent focal length of the ob- 
jective the axial thicknesses of the first and sec- 
ond components being respectively between .05 
50 and .1 and between .1 and .25 rimes such equiva- 
lent focal length. 
9. An optical objective corrected for spherical 
and chromatic aberrations, coma, astigmatism 
and field curvature and comprising a simple con- 
55 vergent front comportent, a simple convergent 
second comportent which is of meniscus form 
with its surfaces convex to the front, the radius 
of curvature of the rear surface thereof being 
between .4 and 1.0 rimes the equivalent focal 
6O length of the objective, a third comportent which 
consists of a divergent doublet having a collective 
cemented contact surface concave to the front 
with radius of curvature between .3 and .4 rimes 
the equivalent focal length of the objective, the 
65 mean refractive index of the material of the front 
etement of the third comportent exceeding that of 
the rear element thereof by between .04 and .10 
and a simple convergent rear component ruade 
of material having Abbé V number between 40 
70 ,and 55 and mean refractive index exceeding the 
arithmetic mean of the mean refractive indices 
of the materials of the front two components 
at least .03, the axial thickness of the front com- 
portent being less than 2 of that of the second 
75 comportent whilst the axial thickness of the 



doublet thlrd component is less than % of that 
of the second component. 
10. An optlcal objective as claimed in claire 9, 
in which the front surface of the divergent thlrd 
comportent is concave to the front and has a 5 
radius of curvature greater than the equivalent 
focal length of thé objective. 
11. An optlcal objective as claimed in claire 9, 
in whlch the front surface of the rear comportent 
is convex to the front wlth radius of curvature 10 
between .5 and 1.0 rimes the equivalent focal 
length of the objective and also less than that 
of the rear surface of such component, the ma- 
terlal of such comportent having mean refractlve 
index greater than and Abbé V number less than 15 
those of the front two components. 
12. An optlcal objective as clalmed in claire 9, 
in which the overall length of the objective from 
the front surface of the front comportent to the 
 rear surface of the rear comportent lies between 20 
.5 and .7 times the equivalent focal length of the 
objective the axlal thicknesses of the flrst and 
second components belng respectlvely between 
.05 and .1 and between .1 and .25 times such 
eciuivalent focal length. 25 
13. An optlcal objective corrected for spherical 
and chromatlc aberrations, coma, astlgmatlsm 
and fleld curvature and comprislng a simple con- 
vergent front comportent, a simple convergent 
second comportent whlch is of menlscus form wlth 30 
its surfaces convex to the front, the radius of 
curvature of the rear surface thereof being be- 
tween .4 and 1.0 times the equivalent focal length 
of the objective, a third comportent whlch con- 
sists of a divergent doublet havlng a collective 35 
cemented contact surface concave to the front 
wlth radius of curvature between .3 and .4 times 
the elulvalent focal length of the objective, the 
mean refractlve index of the material of the front 
element of the third comportent exceeding that 40 
of the rear element thereof by between .04 and 
.10, and a simple convergent rear comportent 
made of materlal havlng Abbé V number between 
40 and 55 and mean refractlve index exceeding 
the arithmetlc mean of the mean refractlve 45 
indices of the materials of the front two com- 
ponents by at least .03, the axlal thlckness of the 
front comportent belng Mss than % of that of 
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the second comportent whilst the axlal thlckness 
of the doublet thlrd component is Mss than % 
of that of the second comportent, the focal lengttm 
of the four components countlng from the front 
respectlvely lying between .'/5 and 1.5, 1.5 and 2.5, 
.33 and .5 and .5 and 1.0 rimes the elulvalent 
focal length of the objective, whllst the focal 
length of the group consistln$ of the front three 
components, ls numerlcally greater than 5 times 
such equlvalent focal length. 
14. An optical objective as claimed in claire 13, 
in which the front surface of the divergent third 
comportent is concave to the front and has a 
radis of curvature greater than the equivalent 
focal length of the objective. 
15. An optical objective as claimed in claire 14, 
in which the front surface of the rear comportent 
is convex to the front with radius of curvature 
-between .5 and 1.0 times the equlvalent focal 
length of the objective and also less than that 
of the rear surface of such comportent, the ma- 
terial of such comportent having mean refractive 
index greater than and Abbé. V number less than 
those of the front two components. 
16. An optical objective as claimed in claim 15, 
in whlch the overall length of the objective from 
the front surface of the front comportent to the 
rear surface of the rear comportent lles between 
.5 and .7 times the equivalent focal length of the 
objective, the axial thicknesses of the flrst and 
second components being reslectively between 
.05 and .1 and between .1 and .25 times such 
eciuivalent focal length. 
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